Purpose Cecal appendix is the terminal part of cecum and is characteristic of rabbit, among domestic animals. The purpose of this work is to evaluate its morphology upon ultrasound. Methods A prospective study was planned for the duration of approximately 1 year. Rabbits presented in the study period for abdominal ultrasound with no clinically evident alterations of the gastrointestinal tract were eligible for inclusion in the study. Abdominal ultrasound was performed under manual restrain with a high frequency linear probe (8-18 MHz). Results Cecal appendix was visualized in 40/42 rabbits (95.2%) with median or left paramedian views. The wall appeared multilayered in accordance with normal bowel anatomy, and the luminal content showed in all cases an alimentary pattern. Measurement of appendix wall thickness (AWT) was possible in all 40 rabbits in which the appendix was visualized while measurement of the appendix diameter (AD) was possible in 39 rabbits. Reference intervals for AWT were 1.1-2.1 mm, and for AD were 3.9-8.8 mm. There was a negative correlation between age and AWT (r = − 0.35, P = 0.027) and a moderate positive correlation between AWT and AD (r = 0.71, P < 0.001). Conclusions Cecal appendix is recognizable via ultrasound in the vast majority of rabbits. We describe the normal morphological aspect of the appendix and we provide reference intervals for wall thickness and diameter of the appendix, in order to aid in the diagnosis of disorders of the appendix. The negative correlation between age and AWT indicates lower values of AWT associated with increasing age that could represent the physiological decrease in the immunitary function of the appendix in aged rabbits.
3
AWT indica valori più bassi di AWT associati all'aumento dell'età, che potrebbe rappresentare la diminuzione della funzione immunitaria dell'appendice nei conigli adulti.
Introduction
In rabbits, the gastrointestinal tract is composed of a relatively large stomach that has a well-developed cardiac sphincter that prevents vomiting and a pyloric area. The small intestine, divided in duodenum, jejunum and ileum, ends in a rounded structure unique to the rabbit called sacculus rotundus. The wall of the sacculus rotundus has abundant aggregations of lymphoid tissue in the lamina propria and submucosa. The rabbit cecum is very large and has a capacity roughly ten times that of the stomach, constituting around 40% of the total gastrointestinal tract [1] . The cecum ends with a cecal appendix, a thick-walled, blind-ended structure whose wall is rich in lymphoid tissue. The cecal appendix represents a site for the antibody diversification in young rabbits and has a secretory function of water and bicarbonate throughout the life of the animals. The cecum is followed by the colon, which originates from an area defined ampulla coli and is divided into proximal and distal colon by the fusus coli [2, 3] .
The rabbit has been used as an experimental model to study acute appendicitis in humans. In these studies, surgical ligation of the appendix or the obstruction of the appendix obtained through the placement of a balloon catheter introduced via cecostomy induced ischemic necrosis or inflammatory changes of the organ. These modifications were studied for their similarity with spontaneous human appendicitis and to evaluate the response to medical or surgical treatment [4] [5] [6] .
Recently, a case of appendicitis and sacculitis in a 9-month-old male rabbit, diagnosed by means of ultrasonography and computed tomography, has been reported [7] .
Although a previous study reported ultrasonographic features and size of abdominal organs in healthy rabbits, including cecal appendix [8] , it included a limited number of cases and no information about the diameter of the organ and the luminal content was reported.
The purpose of our work is to demonstrate that in normal condition morphological and structural features of the appendix are recognizable during basic abdominal ultrasonography and to provide reference size for appendix of gastrointestinal healthy rabbits.
Materials and methods
A prospective, reference interval, single-center study was planned for the duration of approximately 1 year (19/12/2016-12/12/2017). All the rabbits that were presented in the study period for abdominal ultrasound and had no history and no clinically evident alterations of the gastrointestinal tract were eligible for inclusion in the study. Rabbits included in the study had no ultrasonographic evidence of gastrointestinal tract disease. All the rabbits were clientowned animals. All animals underwent abdominal ultrasound examination performed with a GE logiq E9, equipped with a linear multifrequency hokey stick probe 8-18 MHz with a small parts optimized setting. The animals were prepared with trichotomy and application of a small quantity of alcohol and ultrasonographic gel. The rabbits were manually restrained for the duration of the ultrasonographic examination. A complete abdominal ultrasonographic exam was performed with the animal in both right and left lateral recumbency. When possible, the appendix was visualized in longitudinal and transversal views; wall measures were taken in longitudinal view because in the authors' experience the visibility of the organ and repeatability of measures were higher. Measures were taken from the interface lumenmucosal layer to the serosal one obtaining the wall thickness and from serosal to serosal layer obtaining the diameter of the organ (Fig. 1 ).
Statistical analysis
Summary statistics were compiled for measured variables. Data were analyzed for normality by means of the Shapiro-Wilk test. In case appendix wall thickness (AWT) and appendix diameter (AD) were normally distributed, ninety percent reference intervals for the variables were provided. Difference in appendix parameters (AD, AWT) between male and female rabbits was evaluated by means of Student t test since the distribution was normal. Correlation between age and appendix parameters and between AD and AWT was evaluated by calculation of the Pearson r statistic. Data were analyzed using commercial software (SPSS statistics v22.0; IBM, Chicago, IL). Two tailed P values of less than 0.05 were considered significant.
Results

Population summary
A total of 42 pet rabbits were included in the study. The rabbits were of mixed breed, ranging between 0.5 and 2 kg in weight. Eighteen rabbits were males (9 neutered and 9 intact) and 24 females (17 neutered and 7 intact). The median age was 54 months (2-156).
Visualization and morphology of appendix
In two rabbits, it was not possible to identify cecal appendix. In the remaining 40 rabbits, the appendix was visualized and the ultrasonographic examination was allowed to study wall structure and luminal content. In all cases, the appendix was visualized through median and/or left paramedian views. The appendix was recognizable as a tubular structure with a rounded, closed end and a multilayered wall characteristic of the intestinal tract. In all cases, the luminal content had an alimentary pattern (Figs. 2, 3 and 4), and no appendix had evidence of fluid content. In one rabbit, the shadow generated from the luminal pattern limited visualization of the distal wall of the appendix prohibiting measurement of AD. Therefore, 40 rabbits had measurement of AWT and 39 rabbits had measurement of AD.
Reference ranges for appendix wall thickness and appendix diameter
Both AWT and AD were normally distributed (Shapiro-Wilk: P = 0.58 and P = 0.91, respectively). On average, AWT measured 1.5 mm (SD: 0.3; range 0.8-2.2). Male had a mean AWT of 1.53 ± 0.29 mm and females of 1.48 ± 0.32 mm. The mean difference between male and female was 0.05 mm (95% CI − 0.14 to 0.25) and not statistically significant (P = 0.59). Reference intervals for AWT were 1.1 to 2.1 mm. The mean AD was 6.1 mm (SD: 1.4; range: 2.6-9.2). Male had a mean AD of 6.07 ± 1.39 mm and 
Discussion
Gastrointestinal stasis is a common condition in rabbits; it is not related exclusively to pathologies of the gastrointestinal tract but could be the expression of several problems. As in other animals as dogs and cats, abdominal ultrasonography is an important evaluation in the clinical practice; it provides useful clinical and operative information in a noninvasive way. It consents to differentiate mechanical stasis to functional ones, allowing to detect foreign bodies or indirect signs of mechanical ileus, as segmental fluid or gas accumulation within the stomach or part of the intestinal tract, and to individuate signs of inflammatory bowel disease [3, 9, 10] . In our opinion, the evaluation of the appendix has always to be included in abdominal ultrasound, because pathologies of the organ are reported [7, 11] . In human medicine, the visualization of normal appendix on sonography is reported to appear advantageous in reducing the percentage of falsenegative cases of appendicitis. Moreover, ultrasonography is considered a readily available, inexpensive, non-invasive test with a reported sensitivity of 80-94% in the detection of acute appendicitis [12] and it is the preferred imaging modality in pregnant woman and in children suspected of acute appendicitis, because radiation exposure is an important concern in managing this kind of patients [13, 14] . Considering published works in human and veterinary medicine and the authors' experience, abdominal ultrasound probably can help to detect morphological changes that involve the wall structure and the luminal pattern in course of appendix diseases. This work wants to focus on the ultrasonographic features of the appendix in condition of normality; further studies are necessary to establish the ultrasonographic changes of the appendix in course of appendicitis. In the present study, we found a negative correlation between age and AWT. In young rabbits, the appendix represents an important site for development of the primary antibody repertoire. Although the rabbit appendix does not involute, it changes in appearance, possibly in function, and partially atrophies with age [15] . We suggest that probably lower values of AWT associated with increasing age could be related to the physiological decrease in the immunitary function of the appendix in aged rabbits.
Conclusions
Based on our study, cecal appendix is recognizable via ultrasound through median and/or left paramedian views in the vast majority of rabbits. We describe the normal morphological aspect of the appendix and we provide reference intervals for wall thickness and diameter, in order to aid in the diagnosis of disorders of the appendix. We found a weak negative correlation between age and AWT that suggests that lower values of AWT are associated with increasing age, hypothesis that has to be confirmed with further studies. We also found a moderate positive correlation between AD and AWT. We suspected that AD is positively related with the repletion state of the organ and that can be variable in the same individual. However, further research with multiple monitoring of the same rabbits at different times is required to prove this hypothesis. We also describe the normal luminal content of the appendix that in all cases was represented by the alimentary pattern.
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